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THE ANIMAL 



(57) The present application provides a human 
gene over-expressing animal, which is a non-human an- 
imal carrying a human hematopoietic prostaglandin Dg 
synthase gene in its somatic cell chromosome and ex- 
pressing a large amount of human prostaglandin D2 
synthase, wherein the animal is one obtained through 
ontogenesis of atotipotency cell of a non-human animal 



or offspring of the obtained animal, and the totipotency 
cell is introduced with said synthase gene. The present 
application also provides a method of using the trans- 
genic animal for testing in vivo activity of a candidate for 
anti-allergy medicines, sleep-controlling substances 
and candidates for anti -obesity. 
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Description 
Technical Field 

[0001 1 The Invention of this application relates to a hu- 
man gene over-expressing anlnnal, and to various test 
methods using the animal. More precisely, the invention 
of this application relates to a non-human transgenic an- 
imal which canles, In Its somatic cell chromosome, a 
gene encoding human PGD synthase (H-PGDS), an en- 
zyme for synthesizing prostaglandin D2 (PGD2) that Is 
one causal substance for allergy and sleep Induction, 
and which can produce a targe amount of PGP2 through 
over expression of the enzyme. The Invention also re- 
lates to methods of using the animal for testing active 
ingredients of medicines for preventing and curing aller- 
gic diseases, sleep disorders, life habtt-caused disor- 
ders such as obesity. 

Background Art 

[0002] H-PGDS (Blochem. Blophys. Acta 575:43-51 , 
1979; J. BloL Chem. 262:3820-3825. 1967; Cell 90: 
1085-1095, 1997) Is an enzyme having the function of 
producing an endogenous substance, prostaglandin 
(PGD2: Prostaglandins Leukot. Essent. Fatty Acids. 37: 
219-234, 1989; FASEB J. 5:2575-2581, 1991; J. Lipid 
Medial. Cell Signaling, 14:71-82, 1996) that has various 
physiological activities, and It Is expressed In Immuno- 
cytes and genital organs (J. Immunol. 143:2982-2989. 
1989; J. biol. Chem. 270:3239-3246. 1995). It is known 
that PGD2 produced from mast cells by the action of 
H-PGDS is Involved In excacerbation of inflammations, 
and its degraded substance, ISd-PGJz (15-deoxy- 
A1 2,1 4-PGJ2) is a differentiation factor for adipose cell 
(Cell. 83:803-812 & 613-819. 1995). 
[0003] H-PGDS is expressed In mast cell and antigen- 
presenting cell (J. Immunol. 143:2982-2989, 1 989; J. Bi- 
ol. Chem. 270:3239-3246. 1995). and participates In 
production of PGDg In allergic Inflammation. It Is known 
that thus produced PGDj causes bronchoconstrlctlon 
and vasodilation and Involves in ingravescence of aller- 
gies. 

[0004] Of all endogenous sleep-inducing substances 
that have been clarified up to the present, PGD2 has the 
most potent sleep-Inducing activity. It Is reported that In 
human patients suffering from trypanosome-lnfected Af- 
rican sleeping sickness, the PGD2 level In the cerebro- 
spinal fluid increases 100 to 1,000-fold with ingraves- 
cence of the disease condition (Trans Royal Soc. Trop. 
Med. Hyg. 84:795-799, 1990). In addition, It Is known 
that In pathologic deep sleep observed in systemic mas- 
tocytosis patients, the blood PGDg level also Increases 
150-fold (New Engl. J. Med. 303:1400-1404, 1980). and 
the important role of PGDg in pathologic sleep is sug- 
gested. 

[0005] As mentioned above, It Is suggested that PGD2 
and H-PGDS producing PGDg closely correlate to vari- 



ous physiological functions of individuals, and may be 
a potential cause of human diseases. However, no an- 
imal model system has as yet been established that en- 
ables the study under the controlled condition how the 
s over expression of H-PGDS will act on animal. 

[0006] The Invention of this application has been 
made in consideration of the above-mentioned situa- 
tion, and its object Is to provide a non-human animal that 
genetically expresses a large amount of H-PGDS. An- 
te other object of this application Is to provide methods of 
using the animal for testing the effectiveness of prevent- 
ing or curing substances for various diseases caused 
by the over expresston of H-PGDS in the animal. 

15 Disclosure of The Invention 

[0007] This application provides Inventions of the fol- 
lowing (1) to (5): 

20 (1) A human gene over-expressing animal, which is 
a non-human animal carrying a human hematopoi- 
etic prostaglandin Dg synthase gene in its somatic 
cell chromosome and expressing a large amount of 
human prostaglandin O2 synthase, wherein the an- 

25 imal is one obtained through ontogenesis of a 
totipotency cell of a non-human animal or offspring 
of the obtained animal, and the totipotency cell is 
Introduced with sakj synthase gene. 

30 (2) The human gene over-expressing animal of the 
invention (1). wherein the non-human animal is a 
mouse. 

(3) A method for testing In vivo activity of a can di- 
ss date for the antl-allergy medicines, which compris- 
es administering the candidate to the human gene 
over-expressing animal of the invention (1) or (2), 
and measuring allergic reactions of the animal to 
thereby evaluate the activity of the candidate. 

40 

(4) A method for testing in vivo activity of sleep-con- 
trolling substances, which comprises administering 
a candidate for the substances to the human gene 
over-expressing animal of the Invention (1) or (2). 

<5 and measuring sleep condition of the animal to 
thereby evaluate the activity of the candidate. 

(5) A method for testing In vivo activity of a diff eren- 
tiation-controtling substance for mast cell and adi- 

50 pose cell, which comprises administering a candi- 
date for the substance to the human gene over-ex- 
pressing animal of the invention (1) or (2), and 
measuring the obesity condition of the animal to 
thereby evaluate the activity of the candidate. 

55 
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Brief Description of The Drawings 
[0008] 

Fig. 1 1s a schematic view showing the construction 
of the transfer vector used in producing a transgenic 
mouse of this invention. 

Fig. 2 shows the results ot H-PGDS Northern blot 
analysis of mRNA extracted from various organs of 
three lines of transgenic mice and from those of a 
wild-type mouse. 

Fig. 3 shows the results of H-PGDS Northern blot 
analysis of mRNA extracted from all organs of a 
transgenic mouse. 

Fig. 4 shows the results of H-PGDS enzyme activity 
data obtained by using fractionations of proteins ex- 
tracted from various organs of three lines of trans- 
genic mice and from those of a wild-type mouse. 

Fig. 5 shows the data of inflammatory cells counted 
In the wash of air vesicles of antigen-Immunized 
transgenic mice and wild-type mice after exposure 
to physiological saline or antigen. 

Fig. 6 shows the data of spontaneous locomotor for 
12-hours of transgenic and wild-type mice with In- 
traperitoneal administration of lipopolysaccharide 
(20 mg/kg). 

Fig. 7 shows the data (A) of body weight change of 
transgenic (TG) and wild-type (WT) mice fed with a 
high-fat food, and the data (B) of white adipose tis- 
sue weight of the mice fed with a normal food or a 
high-fat food. 

The Best Rflode for Carrying Out The Invention 

[0009] For the transgene, human H-PGDS gene, Its 
cDNA can be used. The H-PGDS cDNA may be pre- 
pared according to a method that comprises synthesiz- 
ing an oligonucleotide based on the base sequence of 
a desired part of a known ratcDtsIA sequence (Cell 90: 
1085-1095, 1997; GenBanIc Accession No. D62071) or 
human cDNA sequence (Eur. J. Biochem. 267: 
S315>3322, 2000; GenBanIc Accession No. 
NM014485), and using it as a probe to screen a human 
cDNA library, or an RT-PCR method that comprises syn- 
thesizing oligonucleotides capable of hybridizing se- 
quences at both ends of the Intended cDNA fragment, 
and using It as primers to prepare the H-PGDS cDNA 
from an mRNA Isolated from human cells. 
[001 0] The transgene has a promoter sequence or an 
enhancer sequence linked thereto, which is for control- 
ling the over expression of the gene. The promoter se- 
quence or the enhancer sequence are not specifically 



defined, for whteh. for example, suitably used Is a pro- 
moter region or an enhancer region of a gene capable 
of being highly expressed in various organs of the trans- 
genic animal. 

5 [0011] The human gene over-expressing animal of 
the Invention (1) can be prt3duced in accordance with a 
known method of producing transgenic animals (for ex- 
ample, Proc. Natl. Acad. Scl. USA 77:7380-7384, 1 980). 
Specifically, the transgene Is introduced Into totipotency 

10 cell of a non-human animal, the ceil Is ontogenlzed into 
individuals, and those carrying the transgene In the ge- 
nome of the somatic cells thereof are selected. The 
thus-selected individuals are of the intended transgenic 
animal. From the technical viewpoint, animals of any 

t5 and every species may be employed forthe non-human 
animal for use herein, but mice are the best for it, since 
a large number of inbred lines have been available and. 
In addition, the technique of fertilized egg Incubation and 
external fertilization thereof has been established in the 

20 art. Of mice, the totipotency cell to be Introduced with 
the gene may be those of fertilized eggs or early embry- 
os. For gene introduction Into cultured cell, DNA micro- 
Injection method Is the best In view of the yield of the 
transgenic animals and of the transgene transfer effi- 

2S ciency to the next generations. 

[0012] The fertilized eggs Into which the gene has 
been Injected are Implanted into the oviduct of a surro- 
gate mother, In which the eggs are ontogenlzed Into an 
individuals, and the indtvlduai animals are born from it 

so and then are bred by a foster mother. Thus bred, DNA 
is extracted out of the animal at a part of its body (the 
tip of the tall), and subjected to Southern blotting anal- 
ysis or PGR to confirm the presence of the transgene. 
The Individual animal In which the presence of the trans- 

ss gene has been confinmed is the founder, and the trans- 
gene Is transf en^ to 50 % of the offspring of the found- 
er, in that manner, wild-type or variant animals can be 
produced efficiently. , 

[0013] The thus-produced transgenic animal produc- 
40 es excess H-PGDS, and therefore can be the best mod- 
el for investigating the physiological activities of PGD2. 
[0014] The Invention (3) of this application is a method 
for testing in vivo activity of a candidate for antl-allergy 
medicines, which comprises administering the candi- 
es date to the human gene over-expressing aninnal of the 
invention (1), and measuring the allergic reaction in the 
animal to thereby evaluate the activity of the candidate. 
Spedficaiiy, the transgenic animal of the Invention (1) 
canies a large amount of H-PGDS and produces a large 
50 amount of PGDg, and therefore sensitively reacts with 
various types of allergens. Accordingly, for example, 
when a certain allergen Is previously administered to the 
animal, a candidate for antl-allergy medicine Is then 
thereto, and the systemic allergic reaction of the animal 
55 Is measured, then the phamiacological activity of the 
candidate can be evaluated. 
[0015] The invention (4) of this application is a method 
for testing in vfvo activity of a sleep«controlllng sub- 
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stance, which comprises administering a candidate for 
the substance to the human gene over-expressing ani- 
mal of the Invention (1 ), and measuring the sleep con- 
dition of the animal to thereby evaluate the activity of 
the candidate. Specifically, the transgenic animal of the 
Invention (1) carries a large amount of H-PGDS and pro- 
duces a large amount of PGOg, and therefore Its sleep 
control Is disordered due to the strong sleep-Inducing 
action of PGD2. Accordingly, for example, when a can- 
didate for sleep control (for example, a substance hav- 
ing the ability to sustain vigilance) Is administered to the 
animal and the awalce/sleep condition of the animal is 
measured, and then the pharmacological activity of the 
candidate can be evaluated. The awalce/sleep condition 
of the animal can be detemilned by measuring the lo- 
comotor activity thereof or measuring the food Intake or 
water Intake thereof, or by measuring the physlologlcai 
parameters such as electroencepharogram or electro- 
myogram thereof. 

[0016] The Invention (5) of this application is amethod 
for testing in vfvo activity of a candidate for anti-obesity 
medicine, which comprises administering a candidate 
for anti-obesity medicine to the human gene over-ex- 
pressing animal of above (1). and measuring the degree 
of obesity of the animal {e.g.. body weight, fatty tissue 
weight) to thereby evaluate the activity of the candidate. 
Specifically, the transgenic animal of the Invention (1) 
carries a large amount of H-PGDS and produces a large 
amount of PGD2, and therefore produces a large 
amount of ISd-PGJg that Involves In Increase of the 
body weight or fatty tissue weight in the animal, and, as 
a result, the animal gets fat. Accordingly, for example, 
when a candidate for anti-obesity Is administered to the 
animal and the degree of the obesity of the animal Is 
measured, and then the phanmacological activity of the 
candidate can be evaluated. 

Examples 

[0017] The Invention of this application Is described 
In more detail and concretely with reference to the fol- 
lowing Examples, which, however, are not intended to 
restrict the scope of the invention of this application. 

Example 1 

(1) Production of Transgenic Mice: 

[0018] From the cDNA library prepared from mRNA 
of human cells, human H-PGDS cDNA was cloned by 
using rat H-PGDS cDNA as a probe. 
[0019] Next, the human H-PGDS cDNA was inserted 
and linked Into a cloning site (Sall/Noti) of the vector 
(pCAGGS) to constnjct a transfer vector. Rg. 1 shows 
the construction of the transgane in the transfer vector. 
As in Fig. 1 , the transgene has a CMV enhancer and a 
chicken p-actin promoter upstream the H-PGDS cDNA, 
and when Introduced into a mouse chromosome, It ex- 



presses a large amount of H-PGDS mRNA owing to the 
action of the enhancer and the promoter. 
[0020] The transfer vector was introduced into ferti- 
lized eggs of an FVB mouse through microinjection. The 

5 gene-introduced fertilized eggs were tiien implanted in- 
to the oviduct of a sun-ogate mother in an ordinary man- 
ner, in which those are ontogenlzed into individuals, and 
the Individuals were then bom. 
[0021 ] DNA was extracted from the tall of each of the 

10 thus-obtained mouse individuals, and it was analyzed 
through Southern blotting analysis using a probe that 
had been synthesized on the basis of the sequence of 
the transgene. Based on the data of the thus-analyzed 
DNA, transgenic mice were selected. Three Independ- 

f5 ent lines of transgenic mice were thus established, 
which differ from each other in the degree of H-PGDS 
expression therein. The data are as In Fig. 2. 

(2) Investigation of Gene Expression in Transgenic 

20 Mice: 

[0022] Systemic expressions of the transgene of the 
transgenic mice were examined with Northern blot anal- 
ysis. As a result, it was conf imrted that in 855 mouse, 
ss the H-PGDS gene was expressed to a high level in the 
skeletal muscle, the heart, the tung. tiie large intestine 
and tiie liver. The data are as In Fig. 3. 

(3) Investigation of PGD Enzyme Activity in Transgenic 
so Mice: 

[0023] Using a substrate PGH2, the PGD enzyme ac- 
tivity In various organs of the transgenic mice was de- 
temnlned. In the transgenic mice, the enzyme activity 
S5 Significantly increased in various organs. The three lines 
of transgenic mice were compared with each other In 
point of the enzyme activity thereof . The enzyme activity 
Increase In these was in an order of 355 > 841 > 866. 
The data are as in Fig. 4, 

40 

Example 2 

[0024] As a iiuman asthma model, the transgenic 
mice obtained In Example 1 were analyzed in antigen- 

45 induced lung inflammation model. 

[0025] After antigen challenge, the invasion of eosi- 
nophilic leukocytes Into the lung of the transgenic mice 
significantly increased, as connpared with that into the 
lung of the wiM-type mice. The data are as In Fig. 5. 

so [0026] The result as above cbntinns that the trans- 
genic mice of this invention are useful as a model animal 
for clarllying the mechanism of allergosis and are effec- 
tive for the system of screening novel anti-allergy sub- 
stances. 

55 

Examples 

[0027] A llpopotysaccharlde was intraperitoneaily ad- 
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minlstdred to the transgenic mics obtained in Exampie 
1 , and the inflamed mice In narcolepsy were analyzed. 
[00281 Concretely, a high-concentration (20 mg/kg) 11- 
popolysaccharlde was administered to the transgenic 
mice, and the spontaneous locomotor of each mouse 
was observed. As a result, the spontaneous locomotor 
of the transgenic mice significantly lowered as com- 
pared with that of the wild-type mice. This suggests that 
the sleep time of the transgenic mice Increased. The da- 
ta are as in Fig. 6. 

[0029] The result as above conflmris that the trans- 
genic mice of this invention are useful as a nwdel animal 
for clarifying the mechanism of sleep induction and are 
effective for the system of screening novel substances 
of controlling sleep-awake rhythm. 

Example 4 



10 5. 
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the activity of the candidate. 

A method for testing In vivo activity of sleep-control- 
ling substances, which comprises administering a 
candidate for the substances to the human gene 
over-expressing animal of claim 1 or 2, and meas- 
uring sleep condition of the animal to thereby eval- 
uate the activity of the candidate. 

A method for testing In vM> activity of a differentia- 
tlon-controlllng substance for mast cell and adipose 
ceD, which comprises administering a candidate for 
the substance to the human gene over-expressing 
animal of claim 1 or 2, and measuring the obesity 
condition of the animal to thereby evaluate the ac- 
tivity of the candidate. 



[0030] The transgenic mice obtained in Exampie 1 
and wild-type mice were toaded with a high-fat food, and 
analyzed for the obesity progress. 
[0031 ] Concretely, the mice were loaded with a high- 
fat food for 6 weeks, and their body weight increase was 
observed. As compared with that of the wild-type mice, 
the body weight of the transgenic mice significantly in- 
creased, in addition, the white adipose tissue weight of 
the transgenic mice also significantly increased. The da- 
ta are as In Fig. 7. 
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so 



[0032] As described In detail hereinabove, the Inven- 
tion provides a transgenic animal that expresses a large 
amount of H-PGDS and therefore produces a large 
amount of PGDg. The animal promotes the development » 
of medicines for various hunrtan diseases. 



Claims 

40 

1. A human gene over-expressing animal, which is a 
non-human animal carrying a human hematopoietic 
prostaglandin D2 synthase gene in its somatic cell 
chromosome and expressing a large amount of hu- 
man prostaglandin D2 synthase, wherein the animal 4S 
Is one obtained through ontogenesis of atotlpoten- 

cy cell of a non-human animal or offspring of the 
obtained animal, and the tot^otency cell is intro- 
duced with said synthase gene. 

50 

2. The human gene over-expressing. animal of claim 
^ , wherein the non-human animal is a mouse. 

3. A method for testing in vivo activity of a candidate 

for the antl-allGrgy medicines, which comprises ad- 55 
ministering the candidate to the human gene over- 
expressing animal of claim 1 or 2, and measuring 
allergic reactions of the animal to thereby evaluate - 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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